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Abstract.—We evaluated the efficacy of a 1-m? quadrat sampler for collecting riffle-dwelling
fishes in an Ozark stream. We used a dual-gear approach to evaluate sampler efficiency in relation
to species, fish size, and habitat variables. Quasi-likelihood regression showed sampling efficiency
to differ significantly (P < 0.001) among species of four common fish families (Cyprinidae,
Ictaluridae, Cottidae, and Percidae) but not among species within each family (P > 0.05). Sampling
efficiency was significantly influenced by physical habitat characteristics. Mean current velocity
negatively influenced sampling efficiencies for Cyprinidae (P = 0.009), Cottidae (P = 0.006), and
Percidae (P < 0.001), and the amount of cobble substrate negatively influenced sampling effi-
ciencies for Cyprinidae (P = 0.025), Ictaluridae (P < 0.001), and Percidae (P < 0.001). Water
temperature negatively influenced sampling efficiency for Cyprinidae (P = 0.009) and Ictaluridae
(P = 0.006). Species-richness efficiency was positively influenced (P = 0.002) by percentage of
riffle sampled. Under average habitat conditions encountered in stream riffles, the 1-m? quadrat
sampler was most efficient at estimating the densities of Cyprinidae (84%) and Cottidae (80%)

and least efficient for Percidae (57%) and Ictaluridae (31%).

Riffle habitats generally possess high, species-
rich densities of benthic fishes in warmwater
streams (Coon 1987; Kessler et al. 1995), yet they
are challenging habitats to sample effectively.
High current velocities make seines difficult to
handle, and when el ectrofishing, wash stunned fish
out of the electrical field before they can be cap-
tured (Bayley and Dowling 1990). The riffle hab-
itat’s large substrate sizes (e.g., boulders and cob-
ble) also decrease one’s ability to capture fishes
by providing refuge from electrofishing and sein-
ing (Lyons 1986).

Regardless of habitat, the efficiency of sampling
gear is aso influenced by the size and species of
fish (Bagenal 1979; Reynolds 1996). In general,
larger fish tend to be more vulnerable to capture
with electrical gear, whereas smaller fish are more
difficult to capture, possibly because of the hy-
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pothesized lower voltage differential that runs
across them (Buttiker 1992). Smaller fish are, how-
ever, more vulnerable to collection with a seine,
apparently because larger fish are more successful
at avoiding capture (Bayley and Dowling 1990).
Species-specific behaviors, such as vertical posi-
tion in the water column, can also affect the vul-
nerability of a fish to capture. Failure to account
for differences in sampling efficiency introduces
a systematic error or bias into the data that can
significantly affect fish-density and richness esti-
mates and the interpretation of fish-distribution
and habitat-use patterns (Bayley and Dowling
1993).

Previous investigations of riffle-dwelling fishes
have attempted to reduce the influence of sampling
bias by using a variety of maximum-effort meth-
ods, such as multiple-removal (i.e., depletion)
sampling (Schlosser 1981; Bart 1989) or mark and
recapture. Maximum-effort techniques require
several sampling runs (i.e., passes) and can be ex-
pensive and time consuming. However, spatial and
temporal variations among fish samples are often
very high and require collection of large numbers
of samplesto obtain reliable density estimates (Pe-
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terson and Rabeni 1995). Thus, maximum-effort
methods, coupled with high sampling frequencies,
may be cost prohibitive. In addition, recent inves-
tigations suggest that density estimates derived
from these techniques may also be biased (Buttiker
1992; Rodgers et al. 1992; Riley et al. 1993; An-
derson 1995).

Some investigators have used or evaluated pre-
positioned areaelectrofishers (Bain and Finn 1991,
Weddle and Kessler 1993; Bowen and Freeman
1998), hand seines (Lotrich 1975), or direct ob-
servation (Greenberg 1991) to study benthic fish-
es; however, none of them took into account the
efficiency of the gear or the influence of physical
habitat characteristics. For instance, Weddle and
Kessler (1993) compared the efficiency of their
gear relative to kick-seining but did not examine
the influence of physical habitat characteristics on
sampling efficiency. Similarly, Ensign et al. (1995)
compared abundance estimates of three benthic
species from distance sampling, line transect, and
electrofishing in a quadrat and found them to be
correlated. However, they did not examine the in-
fluences of physical habitat or species on sampling
efficiency. Fisher (1987) evaluated the relative ef-
fectiveness of a benthic fish sampler in riffles of
three Kentucky streams and found significant dif-
ferences among seasons. Our study builds on Fish-
er's (1987) effort by examining the influence of
physical habitat on efficiency as well asthe effects
of fish size and species.

To obtain reliable species-richness or density es-
timates for riffle-dwelling fishes, we believe the
best sampling strategy includes collecting a large
number of samples with the most cost-effective
methods for which sampling biases are known. Un-
biased estimates of fish density can then be ob-
tained by adjusting raw catch data with estimates
from sampling-efficiency models (Buttiker 1992;
Bayley and Dowling 1993; Anderson 1995). Thus,
we evaluated the 1-m? quadrat sampler (Rabeni
1985) as ariffle-dwelling, fish sampling gear with
the following objectives: (1) to determine ease at
which samples can be collected, (2) to investigate
the differences among species and the effects of
physical habitat characteristics on quadrat sam-
pling efficiency, and (3) to synthesize sampling-
efficiency models.

Methods

Study areas.—We evaluated the sampler on 25
riffles along two different-sized reaches of the
Jacks Fork River located in Texas and Shannon
counties, Missouri. The Jacks Fork is a typical

| 1m (

\

o\b

6-mm mesh

Ficure 1.—The 1-m? quadrat sampler used to sample
riffle-dwelling fishes.

Ozark Plateau stream with broad, rolling uplands
incised by deep river valleys. The streambed is
composed primarily of chert gravel and coarse
sand as well as some boulders and cobble in areas
adjacent to limestone bluffs or in high-gradient
sections. The upstream site was a third-order reach
on the North Prong of the Jacks Fork River and
the downstream site was a fifth-order reach in the
Ozark National Scenic Riverways. Dischargesdur-
ing the study averaged 1.02 m3/s at the upstream
site and 6.73 m3/s at the downstream site.

Design and operation.—The 1-m? quadrat sam-
pler consisted of two 1-m? frames attached 0.5 m
apart to 0.75-m-long pipes, which resulted in 0.25-
m-long legs at the bottom (Rabeni 1985). Thefront
and sides of the sampler were covered with 6-mm-
mesh netting, and a 0.75-m-deep collection bag
was attached to the back of the sampler (Figure
1). We experimented with several designs and
found samplers made with 2.54-cm? pipe to be the
most rugged.

Fish were collected with the quadrat sampler by
trapping them within the sampler and driving them
into the collection bag. The standardized proce-
dureinvolved collection of individual quadrat sub-
samples by placing the sampler in ariffle, securing
it to the streambed, and disturbing the substrate
within the sampler by kicking. This dislodged fish
and moved them into the collection bag. Starting
at the downstream end of ariffle, individual quad-
rat subsamples were collected at uniform intervals
longitudinally and laterally to ensure good cov-
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Ficure 2.—Predicted and measured sampling efficiencies of the electric seine by family group in riffle and race
habitats in the Jacks Fork River, Missouri; data are from Peterson (1996). Diagonal lines represent perfect model
fit. All measurements were made in blocked-off sections of streams. Predicted sampling efficiency is based on
sampling-efficiency models, and measured sampling efficiency is based on the capture of known numbers of
individuals in the blocked-off areas. Note that more than 90% of observations for all family groups were within
the 95% confidence limits of the sampling-efficiency predictions.

erage of the entire riffle (Peterson and Rabeni
1995).

Calibration procedure.—Sampling efficiency is
the percentage of fish or species in a given area
that are captured during sampling. Consequently,
our efficiency calibrations required a reliable es-
timate of the actual fish abundance (or number of
species) in agiven riffle. Repeated sampling meth-
ods (e.g., removal, multiple mark—recapture) could
not provide reliable estimates because these esti-
mates are influenced by such factors as fish species
and size (Buttiker 1992; Anderson 1995) and the
physical characteristics of the area sampled (Rodg-
ers et a. 1992). Therefore, we used a dual-gear
calibration procedure (detailed below) in which a
closed population was sampled with a primary
gear (quadrat sampler) followed by a secondary
gear (electric seine) that has a known ability to
estimate the true population. Efficiency of the pri-
mary gear was then estimated by using secondary-
gear catch data, adjusted for sampling efficiency,
as the baseline. The success of this approach de-

pends upon the accuracy of estimates from the
secondary gear.

The efficiency of the electric seine was thor-
oughly evaluated in Illinois streams by Bayley and
Dowling (1990), and their resulting gear-efficiency
models were verified and adjusted for Ozark spe-
cies by Peterson (1996); both are presented for
each of the four family groups in Figure 2. Thus,
the electric-seine catch data, adjusted for differ-
ences in efficiency (see below), provided reliable
estimates of actual fish abundance in the blocked-
off riffles and were used as the standard to which
we compared the quadrat sampler. It should be
noted that this baseline is based on an estimate of
the actual number of fish in the blocked-off area;
hence, there is a variability to the data that may
not be explainable by the covariates. This proce-
dure was used successfully to evaluate variousfish
collection methods (Bayley et al. 1989; Bayley and
Austen 1990; Bayley and Dowling 1990) and has
been shown to provide reliable abundance esti-
mates (Peterson 1996).
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We conducted all calibrations during daylight
hours on randomly selected dates between March
1992 and late October 1994. The calibration pro-
cedure consisted of blocking off entire riffles with
6-mm-opening mesh nets that were secured to the
streambed. The dimensions of the blocked-off area
were such that they simulated a nonblocked-off
habitat (i.e., the area was large enough to allow
fishes to escape capture with the quadrat sampler).
Fish were collected within the blocked-off area
following the 1-m? quadrat sampler using the pre-
viously described standardized procedure. To min-
imize any influence of the block nets on quadrat
sampler efficiency, quadrat subsamples were not
collected within 1 m of either block net so that
fishes could evade capture in any direction. The
blocked-off area then remained undisturbed for
more than 30 min (average = 62 min) to allow
those fishes remaining in the blocked-off riffle to
settle down; Bain et al. (1985) found that 15 min
was adequate for fishes to recover following in-
stallation of prepositioned area electrofishers.
Fishes were then sampled in the blocked-off riffle
with a secondary gear, an electric seine (Bayley et
al. 1989). The electric-seine sample consisted of
fishes collected during two passes—the first up-
stream, the second downstream—and any fish that
may have drifted into the downstream block net
during electrofishing.

Physicochemical measurements.—Physical and
chemical stream characteristics that may affect
quadrat sampler efficiency were measured in each
riffle immediately following fish sampling. Water
conductance, temperature, and turbidity were mea-
sured in the middle of each blocked-off riffle.
Mean current velocity and depth were estimated
by averaging readings at five randomly selected
points within each riffle. Based on a previous as-
sessment (Peterson 1996), we found that five read-
ings were sufficient to fall within 10% of the
““true’” mean depth and current velocity with 95%
confidence. Velocity was measured at a depth of
0.6 m with a Marsh McBirney model 2000 water-
current meter attached to a standard, top-set wad-
ing rod. The percentage of riffle covered with veg-
etation, woody debris (e.g., logs), cobble (20—200
mm diameter), and boulder (>200 mm diameter)
substrate was visually estimated. The percentage
of area sampled by the quadrat sampler was esti-
mated by dividing the total area sampled by the
area of the blocked-off riffle.

Definitions and statistical analysis—Within
each blocked-off riffle, quadrat sampler fish abun-
dance (QA) was estimated by multiplying quadrat-

specific density estimates for each species by the
area of the blocked-off riffle. Species richness was
estimated as the sum of the total number of species
collected with the quadrat sampler (i.e., all sub-
samples). Reliable estimates of fish abundance and
species richness in the blocked-off riffle were then
obtained by adjusting the electric-seine catch with
gear-efficiency models from Bayley and Dowling
(1990) as adjusted by Peterson (1996), that is,

T=Nm+Q,

where T = estimated number of fish per species
or total number of species, m = predicted electric-
seine efficiency as a fraction, N = the number of
fish or species collected with the electric seine,
and Q = the total number of fish removed from
the site (collected) during sampling with the quad-
rat sampler. Predicted electric-seine sampling ef-
ficiency () was estimated by the use of sampling-
efficiency models from Bayley and Dowling
(1990) that were adjusted for Ozark species and
verified (Figure 2) by Peterson (1996).

The QA and T, rounded down to the nearest
whole number, were used as dichotomous, depen-
dent variables (i.e., the number of success and tri-
als, respectively) for the logistic regression-mod-
eling procedure described below. Note that on sev-
eral occasions, one or more individualsin afamily
(size) group were collected with the electric seine
but not with the quadrat sampler. In these instanc-
es, the number of successes equaled zero and the
number of trials equaled the number of individuals
captured with the electric seine. Thus, data for all
sizes and species captured (except Fundulidae and
Centrarchidae, see Results) were used for the mod-
eling procedure. Pearson correlations were run on
all pairs of predictor variables (i.e., physicochem-
ical measurements). To avoid multicollinearity,
predictor variables that were significantly corre-
lated (P < 0.1) were not used together in the mod-
eling procedure.

Efficiency differences among species were ex-
amined by separating species into family groups.
Differences among families were then examined
by treating each family as a covariate in the quasi-
likelihood regression models, outlined below. Sig-
nificantly different families (P < 0.05) were an-
alyzed separately, and individual differences
among species within a family were similarly ex-
amined.

Because fish length affects the efficiency of
many collection methods (Bagenal 1979; Reynolds
1996), species groups were separated into 30-mm
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length-groups. The inverse of the average length
of fishes in a length group (i.e., one group/fish
length) was used as a predictor variable in the
modeling procedure. For example, assuming that
the electric-seine-estimated abundance for a fam-
ily group was three fish with lengths of 100, 95,
and 90 mm, the average length of the 90-mm to
120-mm length group would be 95 mm.

We used logistic regression (Agresti 1990) to
estimate the effects of individual predictor vari-
ables and combinations of uncorrelated predictor
variables on the efficiency of the quadrat sampler.
A preliminary examination of the dispersion pa-
rameters for best-fitting logistic-regression models
indicated the datawere overdispersed (i.e., thevar-
iance exceeded the presumed binomial). Overdis-
persion is often associated with modeling fish sam-
pling efficiency due to the nonindependence of fish
responses and/or unmeasured factors affecting ef-
ficiency (Bayley 1993). To account for the over-
dispersion, we modeled sampling efficiency with
quasi-likelihood regression, which is similar to lo-
gistic regression but an additional element: the
extra-binomial variance (Williams 1982). Predic-
tor variables were considered statistically signifi-
cant at « = 0.05, and residuals were inspected for
outliers and independence.

Following Bayley (1993), predicted quadrat
sampler efficiency was calculated as

m={1+exp[—(Bo+ Bx +... )1} %

where m = predicted efficiency as a fraction, B,
is the constant, B; are the model coefficients, and
x, are the corresponding variable values. Ninety-
five percent confidence limits were calculated us-
ing the predicted efficiency from equation (2) and
the extra-binomial variance

mupeer = [1 + exp(—(loge[n/(1 — )]
+ 1.96Vp{[Tw (1 — m)]*
+ o),

where 7 is the estimated efficiency, T is the esti-
mated number of fish, and o2 is the extra-binomial
variance. The lower confidence limit was obtained
by changing the plus sign preceding 1.96 to a mi-
nus sign.

Results

The 25 quadrat sampler calibrations covered a
wide range of habitat characteristics (Table 1) and
collected 19 common speciesin six families (Table
2) found in Ozark streams. However, two of the

TABLE 1.—The means (SE) and range of physical hab-
itat variables for the 25 1-m?2 quadrat sampler calibrations
in the Jack Forks River, Missouri.

Habitat characteristic Mean Range
Length (m) 12.6 (0.52) 11-15
Mean width (m) 6.2 (04.1) 3-15
Mean depth (cm) 15.4 (1.22) 5-28
Mean velocity (m/s) 0.6 (0.10) 0.16-1.10
Conductivity (nS) 289.0 (8.64) 150-390
Temperature (°C) 18.2(1.35) 9.5-29
Percent vegetation 1.3(0.76) 0-15
Percent boulder 4.6 (1.46) 0-25
Percent cobble 45.6 (5.14) 10-75
Percent area sampled 17.9 (0.19) 8.3-22.7

families, Fundulidae and Centrarchidae, were each
represented by a single species collected with the
electric seine on one or two occasions in numbers
ranging from 1 to 2 individuals. Fishes in four
family groups were collected in sufficient numbers
by both the quadrat sampler and electric seine to
accomplish reliable calibrations. All of the species
were used to estimate species-richness efficiency.

Pearson correlations for all possible pairs of the
10 habitat-predictor variables (Table 1) indicated
significant correlations between mean depth and
velocity (P = 0.03) and temperature and conduc-
tivity (P = 0.009). In addition, percent area sam-
pled, site width, and length were significantly in-
tercorrelated (P = 0.08).

Average fish length, fish family membership,
and the ten habitat-predictor variables were eval-
uated individually and in various combinations
with quasi-likelihood logistic regression. Mean ve-
locity (P < 0.001), temperature (P = 0.003), and
percent cobble (P = 0.01) were significantly and
negatively correlated with quadrat sampler effi-
ciencies. In addition, there were significant dif-
ferences among families (P < 0.001) as well as
significant family X temperature (P < 0.01) and
family X percent cobble (P < 0.05) interactions.
There was no statistically significant length effect
(P > 0.05), and consequently the groups were
pooled over fish length (i.e., one data point per
species per calibration).

Quadrat sampler efficiency was then evaluated
separately for each fish family (Table 2) with
quasi-likelihood logistic regression that used var-
ious combinations of the 10 pairs of habitat-pre-
dictor variables and species family membership.
Mean current velocity significantly and negatively
influenced sampling efficiencies for Cyprinidae (P
= 0.009), Cottidae (P = 0.006), and Percidae (P
< 0.001; Table 3), but not Ictaluridae (P = 0.47).
Percent cobble also negatively influenced sam-
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TaBLE 2—Number of calibrations (N) and the mean and range of total length for all species collected in the Jack
Forks River, Missouri, by method, during the calibration procedure.

Total length (mm)

Quadrat sampler Electric seine
Family and species N Mean Range N Mean Range

Cyprinidae

Ozark chub Erimystax harryi 5 63 43-88 5 79 45-106

Rosyface shiner Notropis rubellus 0 2 59 53-65

Telescope shiner@ N. telescopus 0 1 59

Bleeding shiner Luxilus zonatus 25 46 27-88 25 57 26-111

Ozark shiner N. ozarcanus 5 42 36-51 5 54 45-73

Ozark minnow?2 N. nubilus 0 1 51

Largescale stoneroller Campostoma oligolepis 21 57 32-113 21 58 29-121
Ictaluridae

Yellow bullhead® Ameiurus natalis 0 1 30

Slender madtom Noturus exilis 19 53 24-76 19 51 27-95

Ozark madtom N. albater 24 61 21-98 24 53 28-95
Fundulidae

Northern studfish® Fundulus catenatus 0 2 78 37-112
Cottidae

Ozark sculpin Cottus hypselurus 4 46 32-67 4 40 30-52

Banded sculpin C. carolinae 21 62 26-129 21 54 27-142
Centrarchidae

Smallmouth bass? Micropterus dolomieu 0 1 76
Percidae

Arkansas saddled darter Etheostoma euzonum 9 60 33-83 9 65 36-91

Banded darter E. zonale 2 54 51-57 2 56 51-62

Rainbow darter E. caeruleum 25 45 23-68 25 47 26-74

Current darter E. uniporum 0 2 47 42-51

Fantail darter E. flabellare 4 41 19-59 6 42 26-62

aSpecies collected in less than three calibrations and not included in analyses.

pling efficiencies for Cyprinidae (P = 0.025), Ic-
taluridae (P < 0.001), and Percidae (P < 0.001),
while water temperature negatively influenced
sampling efficiency for Cyprinidae (P < 0.001)
and Ictaluridae (P = 0.006; Table 3). There were
no statistically significant differences (P > 0.05)
among species within each family.

Predictor variables were also evaluated individ-

ually and in various combinations with quasi-
likelihood logistic regression using estimated spe-
cies richness (i.e., from electric-seine efficiency-
adjusted data) and the number of species collected
with the quadrat sampler as the dichotomous de-
pendent variables. Percent area sampled was sig-
nificantly and positively (P = 0.002) related to
species-richness efficiency (Table 3).

TABLE 3.—Coefficients for 1-m?2 quadrat sampler efficiency models with standard error (SE), change in deviance, x2
probability, and extrabinomial variance (o 2) for species groups at the Jacks Fork River, Missouri.

Number of
Family and calibra- Change in Two-tailed
category tions Variable Coefficient (SE) deviance P(x?2) o2

Cyprinidae 25 Constant 3.734 (0.977) 0.848
Mean velocity (m/s) —0.091 (0.042) 6.92 0.009
Temperature (°C) —0.096 (0.031) 16.04 <0.001
Percent cobble —0.004 (0.002) 5.03 0.025

Ictaluridae 25 Constant 8.960 (5.925) 0.277
Temperature (°C) —0.433(0.196) 7.46 0.006
Percent cobble —0.041 (0.015) 12.52 <0.001

Cottidae 21 Constant 1.754 (2.009) 0.397
Mean velocity (m/s) —0.700 (0.055) 7.54 0.006

Percidae 25 Constant 1.301 (0.694) 0.227
Mean velocity (m/s) —0.241 (0.037) 49.06 <0.001
Percent cobble —0.019 (0.007) 12.34 0.001

Species richness 25 Constant —0.860 (0.592) 0.309
Percent area sampled 0.068 (0.028) 10.50 0.002
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Ficure 3.—Predicted quadrat sampler efficiencies and 95% confidenceintervalsfor four familiesof riffle-dwelling
fishes in the Jack Forks River, Missouri, under average habitat conditions (see Table 1).

Our efficiency models estimate that, under av-
erage habitat conditions encountered in Ozark
stream riffles (Table 1), the quadrat sampler was
most efficient at estimating the densities of Cy-
prinidae (84%) and Cottidae (80%) and least ef-
ficient for Ictaluridae (31%; Figure 3). However,
efficiency estimates for Cyprinidae were also the
most variable among the six families (extra-
binomial variance = 0.848). Efficiencies for de-
termining species richness were only influenced
by the amount of area sampled, which in this study
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Ficure 4.—The predicted species richness efficiency
(solid line) and 95% confidence intervals (broken lines)
for the quadrat sampler under various levels of sampling
effort, expressed as the percentage of riffle areasampled
in the Jacks Fork River, Missouri.

was expressed as the percent of riffle sampled (Fig-
ure 4). We estimate that the quadrat sampler is
successful at collecting 60% of the species in a
givenriffle (i.e., species-richness efficiency) under
average sampling conditions (i.e., when 18% of a
riffle is sampled, PAS).

Discussion

Accurate estimates of fish species density or
richness are only obtained when the biases inher-
ent in sampling are known and accounted for. Bi-
ases can only be accurately determined when true
population values are known. While numerous
studies describe sampling of riffle habitats for fish,
only Fisher (1987) examined the efficiency of his
gear. Fisher (1987) evaluated an enclosed benthic
sampler and whether electrofishing or substrate
disturbance (i.e., kick-sampling) within the sam-
pler collected more individuals and species. How-
ever, Fisher (1987) only evaluated hisprimary gear
(i.e., the quadrat sampler) and assumed that his
secondary method, sodium cyanide plus electro-
fishing, was 100% effective. This, presumably, is
why our average sampling efficiencies for benthic
species (i.e., Ictaluridae, Cottidae, and Percidag),
56%, was slightly lower than Fisher's 69%. Ad-
ditionally, Fisher (1987) did not examine the ef-
fects of habitat characteristics on efficiency, nor
did he assess the difference in catchability among
species. Nevertheless, the overall conclusions
from his study and ours show good correspon-
dence.

Sampling Efficiency
There were significant differences in quadrat
sampler efficiency among the various families of
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riffle-dwelling fishes; this was probably due to a
combination of morphological and behavioral
characteristics. The quadrat sampler was most ef-
ficient at capturing Cyprinidae and Cottidae and
least efficient at collecting | ctal uridae and Percidae
(Figure 3). Ictaluridae and Percidae tended to hide
in interstitial spaces in coarse gravel or beneath
large, cobble-sized substrate (Pflieger 1997). This
made them more difficult to capture than fish in
the other family groups. The greater efficiencies
in collecting Cottidae may have been due to their
morphological adaptations and sedentary nature.
Among the species represented, Cottus carolinae
and C. hypselurus, are cryptically colored and pos-
sess large pectoral fins that allow them to with-
stand strong currents (Pflieger 1975). Cottidae
were probably not as disturbed by the sampling
procedure as other species. On several occasions,
we observed these species remaining motionless
on the bottom until physically disturbed.

In contrast, Cyprinidae do not have morphol og-
ical adaptations to maintain position in high cur-
rents (Pflieger 1975), which suggests they should
have had greater mobility and an increased ability
to avoid capture. We believe high efficiency might
have been due to Cyprinidae’s use of limited cur-
rent refugia and a rather clumped distribution,
which made them more vulnerable to capture. We
observed cyprinids patchily distributed in riffles;
most individuals were restricted to a few small
areas of reduced current immediately behind boul-
ders or near concentrations of very large cobble.
This clumped distribution usually resulted in either
many individuals being collected or few or no fish
being collected; hence, there was a large extra-
binomial variance (Table 3). To minimize the ef-
fect of clumped-distribution patterns on density
estimates, we recommend that the percent area
sampled be as large as possible.

In contrast to previous studies of sampling-gear
efficiencies (Buttiker 1992; Bayley and Dowling
1993; Anderson 1995), fish body length did not
measurably affect the quadrat sampler’s efficiency.
We collected a greater number of larger-sized cyp-
rinids with the electric seine (Table 2), but they
were not very abundant, which probably affected
our ability to detect a length effect. Additionally,
we collected very few fish smaller than 25 mm
during the calibration procedure (Table 2), which
suggests that the quadrat sampler might have been
poor at collecting very small fish. Presumably,
lower efficiencies for very small fish would have
been, in part, due to fish escaping through the 6-
mm-mesh collection bag. The block nets used in

the calibration procedure were the same size and
would also have allowed very small fish to escape.
Consequently, we may have been unable to obtain
reliable estimates of very small fish abundance and
hence were unable to detect a length effect. A
smaller-mesh collection bag may result in greater
efficiency for these species, but we caution that
altering the design of the quadrat sampler may
unintentionally change other sampling character-
istics and render our efficiency estimates useless.

Physical habitat characteristics, individually and
in combination, significantly affected the quadrat
sampler’s efficiency. Cobble negatively affected
quadrat efficiency for Cyprinidae, Ictaluridae, and
Percidae (Table 3). Large amounts of cobble in the
riffles impaired the quadrat sampler’'s ability to
seal off the stream bottom, which resulted in gaps
that could have allowed fishes to escape. In ad-
dition, large amounts of cobble could have pro-
vided refuge for fishes and effectively lowered the
ability of the person sampling to dislodge the fish
and wash them into the collection bag. Current
velocity also had a negative effect on sampling
efficiency for certain families (Table 3). Higher
velocities may have hel ped fish to escape by speed-
ing their escape out of the 1-m? area before the
sampler wasin place. It was also difficult to secure
the sampler to the streambed in riffles with very
high current velocities (>1 m/s), which may have
allowed fish to escape. The effect of high current
velocities was more pronounced in relatively deep
riffles (>0.25 m), where we found that the current
continuously applied lift to the front of the sam-
pler. To ensure effective sampling, we suggest that
the quadrat sampler not be used in riffles with
mean current velocities greater than 1 m/s or with
mean depths greater than 0.25 m.

Temperature negatively influenced quadrat sam-
pler efficiency for Cyprinidae and Ictaluridae (Ta-
ble 3). Thismay explain why Fisher’s (1987) quad-
rat Kick-sampling efficiencies were lower in sum-
mer than in other seasons. Previous studies of fish
sampling or visual-counting efficiency (Bayley
and Dowling 1990; Rodgers et al. 1992; Thurow
and Schill 1996) attributed the effects of temper-
ature to its effect on fish activity, which is posi-
tively related to water temperature (Windell 1978).
Thus, increased water temperature may have led
to increased mobility, which increased the ability
of fish to avoid capture.

Sampling efficiency for determining the abun-
dance of each of the families of fish was relatively
unaffected by the number of subsamples taken.
However, the efficiency for determining species
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richness (i.e., the total number of species collected
compared with the actual number of speciesin a
riffle) was only influenced by the number of sub-
samples, expressed as the percentage of riffle sam-
pled. We believe that a species—area effect was
responsible for this relation. In general, larger ar-
eas contain more species (Connor and McCoy
1979). Thus, in proportion to the whole riffle, an
increase in the area sampled would have increased
the probability of capturing an individual of an-
other species.

We conclude that the 1-m? quadrat sampler is
useful for sampling fishes in Ozark stream riffles
under a variety of conditions, ranging from small,
low-gradient riffles in headwater streams, to rel-
atively large, high-gradient riffles in mainstem
reaches. A species’ morphology and behavior and
the physical habitat characteristics of riffles, both
of which may be specific to the Ozark region, in-
fluenced the efficiency of the sampler. However,
many of our conclusions should be generally ap-
plicable to other warmwater stream systems.

One advantage of the quadrat sampler is that a
single person can quickly collect samples; a riffle
(18% PAS or 12 subsamples) could be sampled in
about 15 min. We have previously determined that,
on average, 12 riffles need to be sampled to ensure
estimates for a stream site with =20% precision
(Peterson and Rabeni 1995). A single individual
could obtain estimates of total fish biomass (across
species) for each site in approximately 3 h, which
is rapid when compared to maximum-effort meth-
ods that require several runs. In addition, fish mor-
tality while using the quadrat sampler was always
lessthan 5%. The efficiency of the quadrat sampler
was influenced by species type (i.e., family) and
physical habitat characteristics. However, by ap-
plying efficiency models, we were able to adjust
raw catch data to account for these effects. There-
fore, we recommend use of the quadrat sampler
when a rapid, nonlethal method is needed for es-
timating the biomass, density, or species richness
of riffle-dwelling fishes. We also encourage those
conducting stream fish studies to evaluate the ef-
ficiency of their fish collection methods and, if
necessary, to synthesize gear-efficiency models so
that conclusions will be based on unbiased data.
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